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Macrophages selectively stimulate ecto-5'-nucleotidase activity
of cultured mesangial cells
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Macrophages selectively stimulate ecto-S'-nucleotidase activity of cul-
tured mesangial cells. Because rat peritoneal macrophages exhibit a
particular binding capacity to rat glomerular mesangial cells in vitro, we
have studied the effect of macrophages on two plasma membrane
enzymes, ecto-5'-nucleotidase and ecto-Mg2 ATPase, of rat cultured
mesangial cells. A marked increase of ecto-5'-nucleotidase activity was
observed in cocultures of rat mesangial cells and peritoneal macro-
phages. In addition, macrophage-conditioned medium (MCM) pro-
duced a dose-dependent increase of mesangial cell ecto-5'-nucleotidase
activity. In contrast, ecto-Mg2 ATPase activity was unaffected. The
effect of MCM on ecto-5'-nucleotidase activity was apparent after 24
hours and increased with time. Reversion was obtained by MCM
withdrawal. Stimulation of ecto-5'-nucleotidase activity by MCM was
inhibited by cycloheximide, which suggests that protein synthesis was
required. Induction of enzyme activity by MCM depended in part on
the presence of extracellular adenosine. The macrophage-released
factor responsible for this effect was non-dialysable, heat-stable at 56°C
for 30 minutes but heat-inactivated at 100°C for five minutes, inacti-
vated in the presence of trypsin or protease V8, and adsorbed on
charcoal. Its apparent molecular weight estimated by gel chromatogra-
phy was close to 20 kD. MCM from resident macrophages was as potent
as MCM from thioglycollate-elicited or zymosan-stimulated macro-
phages. This stimulatory effect was specific of macrophages since it was
absent in the culture medium of rat fibroblasts or mouse thymocytes but
present in that of mouse macrophages. These results suggest that
peritoneal macrophagcs synthesize a factor which selectively stimulates
ecto-5'-nucleotidase activity of glomerular mesangial cells.
Monocyte-macrophage cells accumulate in the glomerular
capillaries in various forms of experimental glomerulonephritis
[1—31. They also contribute to glomerular hypercellularity in
human proliferative glomerulonephritis [4, 51. There is a large
body of evidence showing that macrophages release a number
of toxic factors such as reactive oxygen products, arachidonic
acid metabolites, or cytokines which play a role in the devel-
opment of glomerular injury [61. In vitro studies of the interac-
tion between macrophages and glomerular cells have been used
to unravel the mechanisms through which macrophages bind to
glomeruli, particularly to mesangial cells, and alter glomerular
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cell functions [7, 81. Since attachment of macrophages to
mesangial cells may modify the activity of the enzymes present
in the plasma cell membrane, it was of interest to study two
ectoenzymes of mesangial cells, 5'-nucleotidase and Mg2
ATPase, during interaction of these cells with macrophages.
5'-Nucleotidase was selected because its product, adenosine, is
considered to be a potent mediator with important effects such
as arteriolar vasodilation [91, inhibition of renin release [101,
immunosuppression [11] and reduced release of reactive oxy-
gen species [12] which obviously have to be taken into account
in the mechanisms of glomerular injury and cell defense.
Moreover, we have reported recently that rat mesangial cell
5'-nucleotidase was an ectoenzyme, and we have defined its
main characteristics [13].
The present study demonstrates that macrophages markedly
stimulate ecto-5'-nucleotidase activity whereas they do not
affect ecto-Mg2 ATPase activity of cultured rat mesangial
cells.
Methods
Cell cultures
Mesangial cells. Glomerular mesangial cells were obtained
according to the method of Foidart et al [14] from glomeruli
isolated from the renal cortex of Sprague-Dawley rats. Glomer-
uli were cultured at 37°C in plastic flasks containing 5 ml of
RPMI 1640 medium (Flow Laboratories, Irvine, UK) supple-
mented with 10% fetal bovine serum and buffered with 20 m'i
N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES),
pH 7.2. Under such conditions, mesangial cells grow rapidly
with a maximum of cell division between days 14 to 21 at which
time epithelial cells can no longer be detected. After three
weeks of primary culture, mesangial cells were dissociated
using 0.05% trypsin-0.02% EDTA and transferred to plastic
Petri dishes in the same culture medium. Five to seven days
later, after they had grown to confluence, cells were detached,
passed through a 50 sm-sieve and seeded again in 9.6 cm2 Petri
dishes. Mesangial cells were identified as previously described
by Foidart et al [14] and Baud et al (15]. They were studied after
two passages at confluence in their dishes. The precise number
of cells was unknown. It can be estimated roughly between
180,000 and 260,000 cells from the corresponding amounts of
cell protein (130 to 190 jtg per dish) if we assume that 106
mammalian cells contain about 725 g protein [16].
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Peritoneal macrophages
Resident macrophages were obtained from male Sprague-
Dawley rats weighing 200 to 250 g. Ten ml of heparin Hank's
solution (5000 IU heparin/l00 ml sterile Hank's solution) were
injected into the peritoneal cavity. Abdomen was kneaded
gently and, after three minutes, the cell-enriched fluid was
collected in ice-cold plastic tubes and centrifuged at 800 rpm for
10 minutes. The cells were resuspended in RPM! medium
supplemented with 10% fetal bovine serum at a concentration of
2 x 106/ml and, then, were layered in Petri dishes. After two
hours at 37°C in a humidified 5% C02-95% air atmosphere, the
supernatant and the non-adherent cells, which represented less
than 10%, were discarded. The culture was washed with the
same medium to remove any remaining non-adherent cells. The
appropriate volume of culture medium was added and macro-
phages were cultured for 24 hours, unless otherwise stated. We
did not observe within this time any depletion in the number of
attached macrophages. Thioglycollate-elicited peritoneal mac-
rophages were obtained from rats who had been injected i.p.
with 5 ml of 3% (wt/vol) thioglycollate broth four days before
harvest.
Coculture of mesangial cells and peritoneal macrophages.
The medium of confluent subcultures of mesangial cells was
discarded and macrophages suspended in 1 ml of RPM! medium
supplemented with 10% fetal bovine serum were added. After
two hours at 37°C in a humidified 5% CO,-95% air atmosphere,
the supernatant was discarded and any remaining non-adherent
cells were removed by washing. Then, the coculture was
incubated under the same conditions as for homogeneous
mesangial cells.
Culture of mesangial cells in the presence of macrophage-
conditioned medium. Macrophage-conditioned medium (MCM)
was collected after culture of rat peritoneal macrophages during
24 hours. The cell-free medium was prepared by centrifugation
and passage through a 0.22 pm Millipore filter. Unless other-
wise stated, 1 ml of MCM corresponded to 2 x 106 macro-
phages. Mesangial cells were cultured for 24 to 72 hours with
MCM from resident or thioglycollate-elicited macrophages.
Complete medium, serially diluted medium, heat-, enzyme- and
charcoal-treated media were used as specified in the Results
section.
Other cultures. Rat fibroblasts from thigh fascia, mouse
peritoneal macrophages and mouse thymocytes obtained by
teasing of two-week-old mice thymus were cultured as de-
scribed for mesangial cells.
Enzyme assays and other techniques
Ecto-5'-nucleotidase. Enzyme activity was determined on
cells in culture. The medium was discarded, cells were washed
twice with 30 m Tris-HC1 buffer, pH 7.4, containing 130 mM
NaCl, 5.5 mM glucose, 0.25 mxt EDTA and 0.125 mM EGTA,
once with 30 mrvi Tris-HC1 buffer, pH 7.4, containing 130 mM
NaCl, 5 m MgC12 and 5.5 mM glucose, and were incubated for
estimation of 5'-nucleotidase activity in the latter buffer. Assay
was started upon addition of 3 mi 5'-AMP. This concentration
corresponds to about 10 times the apparent km value of
mesangial cell ecto-5'-nucleotidase [13] and, therefore, can be
considered as an excess of substrate. Incubation was performed
at 37°C during 2 to 15 minutes according to the rate of activity
of the enzyme in order to maintain conditions of zero order
reaction. At the selected time, the assay mixture was decanted
into ice-cold centrifuge tubes and any detached cells were
sedimented by centrifugation at 800 rpm for 10 minutes at 0°C.
The amount of inorganic phosphate liberated was measured
according to the technique of Gomori [17]. Cell-free blanks
were run in triplicates. They did not exceed 2% of total control
activity and were systematically subtracted.
Ecto-Mg2 ATPase. Mesangial cells were prepared like for
the assay of 5'-nucleotidase activity and Mg2 ATPase activity
was determined as described previously [18].
Cell protein. After appropriate digestion with 1 M NaOH, cell
protein was determined according to Lowry et al [19] with
bovine serum albumin as a standard.
[3H] thymidine incorporation. In some experiments, 1 pCi of
[3H] thymidine was added to each dish with or without MCM.
After 72 hours of incubation, the incorporation of [3H} thymi-
dine was stopped by addition of 10 pmol of unlabelled thymi-
dine for 30 minutes. After washing, TCA-precipitable radioac-
tivity was measured by liquid scintillation spectroscopy (1211
Rackbeta; LKB, Bromma, Sweden).
Sephacryl S-200 chromatography. Two ml of MCM were
applied to a 1.6 X 100 cm Sephacryl S-200 column (Pharmacia
Fine Chemicals, Uppsala, Sweden) that had been calibrated
with known standard molecular weight markers (Bio-Rad,
Richmond, California, USA). The column was equilibrated at
4°C with 0.1 M NaC1, 50 mivi Tris-HCI buffer, pH 7.4, and the
sample was eluted at a flow rate of 10 ml/hr. Fractions of 2 ml
were collected and assayed for protein concentration and
stimulatory activities on rat mesangial cell ecto-5'-nucleotidase
and ecto-Mg2 ATPase.
Materials
The following reagents were used: RPM! 1640 medium and
0,05% trypsin-0.02% EDTA from Flow laboratories (Irvine,
UK); fetal bovine serum, penicillin 0 and streptomycin sul-
phate from Gibco (Grand Island, New York, USA); nucleo-
tides, nucleosides, trypsin type IX, adenosine deaminase type
VIII from calf intestinal mucosa and zymosan A from Sigma
Chemical Company (St. Louis, Missouri, USA); S. aureus
protease V8 (500 U/mg) from ICN Biomedical (Buchs, UK);
purified human interleukin 1 (8 x 106 U/pg protein; ILl),
recombinant a human tumor necrosis factor (TNF), and rabbit
anti-mouse TNF from Genzyme (Boston, MA, USA); [3H]
thymidine (5 Ci/mmol) from the Radiochemical Center (Amer-
sham, UK). All other chemicals were of reagent grade and were
used without further purification.
Statistical analysis
Enzyme activities are nmoles of product (inorganic phos-
phate) liberated per mg of cell protein and per minute. Means
standard deviations (SD) are given throughout the text. Statis-
tical significance was currently estimated using Student's t-test
for unpaired values. Regression analysis was also used when
necessary.
Results
Ecto-5 '
-nucleotidase activity of mesangial cell-macrophage
cocultures
Ecto-5'-nucleotidase activity of mesangial cells and perito-
neal macrophages which had been cultured separately or in
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Table 1. Effect of rat mesangial cell-macrophage coculture on ecto-
5'-nucleotidase activity
Preparation
5'-Nucleotidase activity
nmol min' mg'
Mesangial cells 86.9 3.4
Resident macrophages 206.4 22.9
Thioglycollate-elicited macrophages 145.7 18.7
Mesangial cells + resident 679.4 85.6
macrophages
Mesangial cells + elicited macrophages 745.9 74.6
1x106 2x106
Values are means SD of three experiments.
combination for 72 hours was determined. Ecto-5'-nucleotidase
activity of mesangial cells was about 1.6 and 2.4 times lower
than that of thioglycollate-elicited and resident macrophages,
respectively (Table 1; P < 0.01). A marked increase (P < 0.001)
of ecto-5'-nucleotidase activity was observed in the cocultures
of mesangial cells with either resident or thioglycollate-elicited
macrophages. 5'-Nucleotidase activity in cocultures was sev-
eral times higher than activity of each of the interacting cells
cultured separately. In contrast, ecto-Mg2 ATPase activity of
the cocultures was not significantly different from the approxi-
mate mean activity of the two cell types.
Effect of MCM on ecto-5'-nucleotidase activity of mesangial
cells
Two different protocols were used to study the effect of MCM
on ecto-5'-nucleotidase and ecto-Mg2 ATPase of mesangial
cells. First, MCM produced by increasing concentrations (0.065
— 2 x l06/ml) of macrophages were prepared. Ecto-5'-nucle-
otidase activity of mesangial cells increased progressively as a
function of the concentration of macrophages (r = 0.99; P <
0.001). Maximum activity was obtained with 2 x 106 macro-
phages and reached 25 times the basal value (Fig. 1). In
contrast, ecto-Mg2 ATPase activity did not change in presence
of MCM whatever the concentration of macrophages used.
Secondly, MCM produced by 2 x 106 macrophages was tested
at increasing (1/2 to 1/64) dilutions. There was a progressive
decrease in ecto-5'-nucleotidase activity of mesangial cells
when more and more diluted MCM were used (r = 0.95; P <
0.001). However, dilution did not result in a proportional effect
and, at the lowest dilution studied (1/64), ecto-5'-nucleotidase
activity was still 18% of the value obtained with the undiluted
sample. As in the first protocol, ecto-Mg2 ATPase activity was
not influenced by MCM at any of the dilutions studied (Fig. 2).
The time-course of MCM effect on mesangial cell ecto-
5'-nucleotidase activity is presented in Figure 3. No stimulation
was observed over the first nine hours of incubation. There was
rather a transient inhibition at three hours. In contrast, 5'-
nucleotidase activity increased approximatively three times
over control after a 24 hour incubation period with MCM. The
degree of increase was still greater after 48 (x 7.8) and 72 (x
12.3) hours. This effect was reversed by withdrawal of MCM
but at a slow rate. Decreases of ecto-5'-nucleotidase activity
were of 20 and 64%, three and six days, respectively, after
replacement of MCM by the control medium (Fig. 3). Addition
of MCM was effective at any stage of the culture. Nearly similar
stimulations were observed for addition at 24 hours (sparse
culture) or 96 hours (dense culture) after plating. Ecto-5'-
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Fig. 1. 5'-Nucleotidase (—•) and Mg2 ATPase (x---x) activities of
rat cultured mesangial ce//s under control conditions and in the
presence of conditioned medium (MCM) produced by an increasing
number of peritoneal macrophages. Mesangial cells were cultured with
MCM during 72 hr. Means and SD of 3 to 5 experiments are shown.
5'-Nucleotidase activity (y) is significantly correlated with the number
of macrophages expressed as l06(x) according toy = 678.lx + 23.9 (r
= 0.99).
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Fig. 2. 5'-Nucleotidase (LI) and Mg2 ATPase () activities of rat
cultured mesangial cells under control conditions and in the presence of
macropha ge-conditioned medium (MCM) at increasing dilutions.
Mesangial cells were cultured with MCM during 72 hr. Means and SD of
3 experiments are shown. 5'-Nucleotidase activity (y) is significantly
correlated with the dilution of MCM studied (x) according to y = 879.9x
+ 304.6 (r = 0.95).
nucleotidase activity did not change significantly over the same
period in mesangial cells cultured with the control medium (Fig.
3).
Ecto-Mg2ATPase of MCM-treated mesangial cells approx-
imated that of untreated cells at 24 hours. However, enzyme
activity of treated cells decreased significantly at 48 and 72
hours compared with that of untreated controls. Ecto-Mg2
ATPase activity increased again after MCM withdrawal (un-
shown observations).
Fig. 3. 5'-Nucleotidase activity of rat
cultured mesangial cells incubated in
control or macrophage-conditioned medium
(MCM) during short (I to 9 h) or long (1 to
3 days) periods, The effect of substitution of
control medium to MCM and that of
substitution ofMCM to control medium
after an initial period of 3 days were also
studied. Means and SD of3 experiments are
shown.
Table 2. Effect of cycloheximide treatment on ecto-5'-nucleotidase
and ecto-Mg2 ATPase activities of rat mesangial cells cultured with
macrophage-conditioned medium (MCM)
Mg2 ATPase
5'-Nucleotidase activity activity
Treatment nmol min' mg'
None 56.7 5.1 202.2 15.9
1 sg/ml cycloheximide 60.8 5.3 191.1 22.1
MCM 1431 214 171.2 21.3
MCM + 1 g/ml 60.2 3.9 172.0 22.0
cycloheximide
Mesangial cells were cultured during 72 hr in the presence of MCM
produced by 2 x 106 resident macrophages with or without I g/ml
cycloheximide. Values are means SD of three experiments.
Necessity of a lag-time to obtain an effect of MCM on
ecto-5'-nucleotidase activity suggested that the mode of action
of the stimulatory factor required protein synthesis. In order to
confirm this hypothesis, mesangial cells were incubated for 72
hours in the presence of control medium or MCM with or
without addition of 1 tg/ml cycloheximide, an inhibitor of
protein synthesis. Cycloheximide had no effect on basal ecto-
5'-nucleotidase activity but completely suppressed the stimula-
tory effect of MCM (Table 2). Cycloheximide did not modify
ecto-Mg2 ATPase activity measured under basal conditions or
in the presence of MCM.
The effect of MCM produced by macrophages which had
been stimulated in vitro by serum-treated zymosan, Escherichia
Co/i lipopolysaccharide (LPS) or A 23187 calcium ionophore
was also studied. MCM from macrophages cultured for 24
hours with 1 mg/mI serum-treated zymosan produced an in-
crease in mesangial cell ecto-5'-nucleotidase activity similar to
that of MCM from untreated macrophages. MCM from LPS- or
ionophore-treated macrophages were less active. However,
both agents were found to be potent inhibitors of 5'-nucleotid-
ase activity and it is possible that their complete removal from
MCM before its addition to mesangial cells had not been
achieved. Ecto-Mg2 ATPase activity was unchanged by any of
the MCM tested.
Role of extracellular adenosine in the stimulatory effect of
MCM on ecto-5'-nucleotidase activity of mesangial cells
Since the potency of MCM increased with time from 24 to 72
hours, we thought it could be of interest to study the effect of
the product of the enzymatic reaction, adenosine, on basal and
MCM-stimulated ecto-5'-nucleotidase activity. 2-chloroadeno-
sine, an analog of adenosine which is not metabolized by the
cells, increased basal ecto-5'-nucleotidase activity in a dose-
dependent manner from 0.5 to 100 p.M. Stimulation at the
highest concentration tested reached 3.5 times basal value.
Adenosine deaminase which transforms adenosine into inosine
was inhibitory (x 0.78; P < 0.05) when used at a concentration
of 0.5 U/mI. Both agents did not modify basal ecto-Mg2
ATPase activity in the same experiments. The role of adenosine
was much more marked on MCM-stimulated ecto-5'-nucle-
otidase activity since addition of adenosine deaminase (0.5
U/mI) to MCM resulting in the rapid metabolism of adenosine as
soon as it was formed, produced a considerable inhibition of the
potency of MCM (x 0.31, P < 0.001; Table 3). In contrast,
MCM supplemented with adenosine deaminase at the same
concentration did not modify ecto-Mg2 ATPase activity.
Greater concentrations of adenosine deaminase were highly
toxic for the cells as shown by the decrease in the amount of cell
protein per dish (110 2.1 vs. 26.7 1.5 p.g for control cells
and cells treated by 2.5 U/mI adenosine deaminase, respec-
tively).
Effect of MCM on mesangial cell proliferation
[3H] thymidine incorporation was slightly increased, after 72
hours of incubation, in mesangial cells exposed to MCM (91492
2422 vs. 73873 2201 cpm per dish in treated and control
cells respectively; mean SD; N = 6; P < 0.01).
Effect of conditioned media from various origins on ecto-5'-
nucleotidase activity of mesangial cells
Mesangial cells were cultured in the presence of conditioned
media from various origins. We tested media produced by rat
fibroblasts, mouse peritoneal macrophages and mouse thymo-
cytes. Only mouse MCM was stimulatory (x 2.94; P < 0.001),
although at a lesser degree than rat MCM. In contrast, rat
fibroblast- and mouse thymocyte-conditioned media were inac-
tive. All these different media also did not modify ecto-Mg2
ATPase activity (Table 4).
Preliminary characterization of the factor stimulating ecto-
5'-nucleotidase activity which is present in the MCM
MCM was submitted to different tests in order to precisely
determine characteristics of the stimulatory factor. Biological
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Table 3. Ecto-5'-nucleotidase and ecto-Mg2 ATPase activities of rat
mesangial cells cultured with 2-chioroadenosine, adenosine
deaminase and/or macrophage-conditioned medium (MCM)
5'- Mg2
Nucleotidase ATPase
activity activity
Preparation nmol min' mg'
Control mesangial cells 88.1 4,4 130.0 4.9
Mesangial cell exposed to
MCM 1136.3 55.6 149.0 7.2
0.5 U/mI adenosine 68.9 7.0 132.5 8.9
deaminase
MCM + 0.5 U/mI 349.4 3.7 126.4 0.5
adenosine deaminase
MCM + 2.5 U/mI 307.0 4.1 134.1 3.0
adenosine deaminase
MCM + 5 U/mI adenosine Highly toxic: all
deaminase cells disappeared
Control mesangial cells 71.6 7.4 116.5 11.2
Mesangial cells exposed to
2-chloroadenosine (MM)
0.5 124.8 5.4 115.9 7.8
1 129.6 3.7 105.6 5,7
5 153.5 4.7 114.2 11.0
10 162.9 4.1 113.6 11.8
50 222.1 3.0 117.6 4.2
100 248.5 6.4 123.3 7.1
Mesangial cells were cultured during 72 hr with MCM, adenosine
deaminase, MCM plus adenosine deaminase or 2-chloroadenosine.
Control cells were also studied in two separate experiments in parallel
with the cells treated by adenosine deaminase or 2-chloroadenosine,
respectively. Values are means si of 3 to 5 experiments.
Table 4. Effect of various conditioned media on rat mesangial cell
ectoenzymes
Preparation
Mg2 ATPase
5 '-Nucleotidase activity activity
nmol min' mg'
Control mesangial cells 56.7 5.1 202.2 15.9
Mesangial cells exposed to
conditioned media from
Rat fibroblasts 65.2 8.2 196.5 22.0
Rat resident macrophages 1431 214 221.2 21.3
Rat thioglycollate-elicited 1415 55 205.6 24.4
macrophages
Mouse thymocytes 40.8 1.3 172.5 19.8
Mouse resident macrophages 166.7 4.5 172.8 5.7
Rat mesangial cells were cultured with various media produced by 2
x 106 macrophages or thymocytes from murine origin. Values are
means SD of three experiments.
activity was maintained after 24 hours of dialysis at 4°C, heating
at 56°C for 30 minutes, and short incubation (30 mm) with
trypsin. In contrast, trypsin and another protease, S. aureus
protease V8, suppressed almost totally (90 and 100% inhibition,
respectively) the stimulatory activity of MCM upon a prolonged
incubation (15 hr). No activity was found in the lipidic extract
obtained with ether-HC1 after protein precipitation by metha-
nol. Biological activity present in MCM was nearly totally
suppressed by heating at 100°C for five minutes or charcoal
treatment (Table 5). We also studied the effects of two cyto-
kines, ILl and TNF, which are released by macrophages.
Purified human ILl and recombinant human TNF increased
Table 5. Effect of various treatments of the macrophage-conditioned
medium (MCM) on ecto-5'-nucleotidase activity of rat mesangial cells
Treatment Conditions
Ecto-5'-nucleotidase activity
percent of control
Dialysis 4°C X 24 hr 93.3
Heating 56°C x 30 mm
100°C x 5 mm
107.1
5.7
Charcoal 4°C x 30 mm 8.0
Trypsin 37°C x 30 mm 95.9
200 ,ug/ml 37°C x 15 hr 10
Protease V8 37°C x 15 hr 0
8 g/ml
Heating and enzymatic digestion were performed on serum-free
MCM. Then, treated medium was supplemented with 10% fetal bovine
serum before being added to mesangial cells. MCM obtained after
incubation of macrophages in serum-free medium was supplemented
with 10% fetal bovine serum before mesangial cell culture and run in
parallel as a control. Percentages are calculated from means of 4 to 5
determinations.
slightly (X 1.21 and x 1.50, respectively) ecto-5'-nucleotidase
activity, but these stimulatory effects occurred only at high
concentrations of both cytokines (0.5 U/mI for ILl and 50 ng/ml
for TNF). ILl and TNF did not modify Mg2 ATPase activity.
Furthermore, we could not inhibit the stimulatory effect of
MCM on ecto-5'-nucleotidase after addition of anti-mouse TNF
antibody at a concentration (1/800) which totally inhibited the
cytotoxic effect of 50 ng/ml of TNF on L929 fibroblasts. Gel
filtration on Sephacryl S-200 was used to determine the molec-
ular weight of the macrophage-derived stimulatory factor of
mesangial cell ecto-5'-nucleotidase activity (Fig. 4). Only one
peak of stimulatory activity was observed with an apparent
molecular weight close to 20 kD. Mg2 tATPase activity did not
change and was similar to its control value.
Discussion
5'-Nucleotidase is generally considered as an ectoenzyme,
the catalytic site of which is located at the external face of the
plasma membrane and is capable of attacking exogenous 5'-
nucleotides, essentially 5'-AMP, to produce adenosine. 5'-
Nucleotidase is likely to play a key role in the regulation of the
local concentration of adenosine which is a powerful mediator.
This nucleoside, via binding to various types of receptors,
inhibits or stimulates adenylate cyclase activity and, subse-
quently, induces a series of events leading to a number of
physiologic responses. First, adenosine is a powerful vasodila-
tor. It is produced in excess under conditions of reduced
oxygen pressure and counteracts ischemia [20]. Moreover, it
inhibits renin release, which reinforces its vasodilator potency
[10]. Adenosine also behaves as an immunosuppressor and an
anti-inflammatory agent. It inhibits lymphocyte-mediated cell
toxicity and the lectin-stimulated proliferative response of
lymphocytes [11]. It also diminishes superoxide anion and
hydrogen peroxide release from stimulated neutrophils and
protects the vascular endothelium from damage by neutrophils
[12, 21]. Taken together, these findings suggest that adenosine
production represents a mechanism of defense against the
locally released toxic mediators. It was, therefore, of interest to
study mesangial cell 5'-nucleotidase activity and its regulation
in response to the products of secretion of the bone marrow-
derived cells, particularly the macrophages, which are present
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Fig. 4. Gel filtration on Sephacryl S-200. Macrophage-conditioned
medium was chromatographed on a calibrated 1.6 x 100 cm column.
Fraction of 2 ml were assayed for protein concentration (optical density
at 220 nm; upper curve). Pooled fractions of 10 ml were dialyzed against
distilled water, lyophilized, reconstituted in 1 ml of culture medium and
assayed for their stimulatory activity on rat mesangial cell ecto-
5'-nucleotidase. Results are expressed as percentage of the control
enzyme activity (cross-hatched bars; lower part of the Figure) which
was obtained under similar conditions. Arrows indicate the retention
times of different standards with increasing molecular weights, Three
experiments have been performed with similar conclusions.
in the glomeruli during experimental or human glomerulone-
phritis.
5'-Nucleotidase activity which was measured is undoubtedly
of mesangial cell origin and does not originate from the macro-
phages for the following reasons: (i) MCM per itself does not
exhibit any 5'-nucleotidase activity; (ii) as shown in Figure 3,
the increase of 5'-nucleotidase activity in the presence of MCM
was not immediate but appeared only after the period necessary
for enzyme protein synthesis; (iii) mesangial cell and macro-
phage 5'-nucleotidases do not possess exactly the same char-
acteristics [13]. For example, substrate specificity (124.2 and
83% of the control value when 5'-AMP is replaced by 5'-UMP
for mesangial cells and macrophages, respectively) and divalent
cation dependency (188 and 101% of the control value after
addition of 3 msi Mn2 for mesangial cells and macrophages,
respectively) are not identical for both enzymes. We observed
that the properties of 5' -nucleotidase of mesangial cells exposed
to MCM were not those of macrophages but those of untreated
mesangial cells (119.8% and 190% of control activity in the
presence of 3 mst UMP or 3 mrvi Mn2, respectively). It is also
certain that the increase of 5'-nucleotidase activity in the
presence of MCM is not the mere consequence of cell prolifer-
ation. Macrophages release growth factors [6] but have also
been shown to suppress mouse mesangial cell proliferation [22].
There was no significant difference in the protein cell amount of
dishes containing control and treated cells (195 13 vs. 184
explain the marked parallel increase (x 15) of mesangial cell
5'-nucleotidase activity. Moreover, a simultaneous increase of
Mg2 ATPase and 5'-nucleotidase activities would have oc-
curred if the observed stimulation had reflected only cell
proliferation.
The cellular mechanism of effect of adenosine on the glomer-
ular cells remains largely unexplored. The only study is that of
Abboud and Dousa [23] who demonstrated that adenosine,
between 1 and 100 M, caused a marked increase in cAMP
accumulation in isolated glomeruli. Their results did not permit
to assess on which cell population in glomeruli adenosine acted.
The authors hypothesized that adenosine-stimulated cAMP
might modulate mesangial cell contractility. But, in addition of
its possible effects on resident glomerular cells, adenosine may
act on the blood-borne cells present in the glomerular capillar-
ies, essentially the neutrophils [12, 24], the macrophages [25]
and the lymphocytes [26]. In particular, it has been shown
recently that adenosine, via A2 receptors, depressed cell-
associated procoagulant activity in rabbit alveolar macrophages
but stimulated production of plasminogen activator via an
as-yet unidentified mechanism [25].
Regulation of adenosine production probably depends on
ecto-5'-nucleotidase activity rather than on the availability of
substrate. Indeed, vascular endothelial and smooth muscle cells
release adenine nucleotides [27], particularly in the presence of
reactive oxygen species [281. Moreover, catabolism of AlP,
which results in an increased production of 5'-AMP and aden-
osine, is increased during ischemia. Miller et al [201 found that
the content of adenosine in rat kidney was 6 sM under control
conditions and raised to 15 to 26 tM after renal artery occlu-
sion. Such concentrations correspond approximately to 75 to
130 nmol adenosine/mg protein, thus the amount formed per
minute under basal conditions by mesangial cell ecto-5'-nucle-
otidase in the presence of an excess of substrate.
The stimulatory factor of ecto-5'-nucleotidase activity
present in MCM appears to be specific for this ectoenzyme
since it had no effect on another ectoenzyme, Mg2 ATPase, in
all the experiments performed. This factor depended directly on
macrophage secretion since ecto-5'-nucleotidase stimulation
was almost linearly related to the number of macrophages
which had produced MCM (r = 0.99) and to the dilution of
MCM used (r = 0.95). MCM did not act directly on the enzyme
activity but influenced more probably the synthesis of the
molecules of enzyme. Indeed: (i) a lag time of 24 hours was
needed to obtain an effect; and (ii) stimulation was suppressed
in the presence of cycloheximide at a dose (1 gIml) which did
not modify basal ecto-5 '-nucleotidase activity. The effect of the
stimulatory factor was markedly dependent on the presence of
adenosine in the medium. This was first suggested by the
marked increase of mesangial cell ecto-5'-nucleotidase activity
with time from 24 to 72 hours. We could confirm this hypothesis
using 2 chloroadenosine, a stable analog of adenosine, which
was slightly stimulatory by itself and, essentially, using adeno-
sine deaminase which markedly diminished the potency of
MCM. Acting through cell surface receptors, adenosine can
influence cytokine production [11]. It also modifies the expres-
sion of proteins such as procoagulant activity and plasminogen
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activator [25]. It may be thus hypothesized that adenosine
potentiated the effect of the stimulatory factor present in MCM
on ecto-5'-nucleotidase synthesis.
Preliminary characterization of the stimulatory factor re-
leased by the macrophages has been carried out. There is a
body of evidence showing that it is probably a protein or a
peptide: (i) it was not dialysable; (ii) activity was suppressed by
five minutes of heating at 100°C; (iii) it was not recovered in the
lipidic extract; (iv) activity was almost abolished upon pro-
longed incubation with two proteases, S. aureus protease V8
and trypsin; (v) MCM from macrophages treated by cyclohex-
imide exhibited a decreased activity (data not shown). The fact
that the biological activity was nearly suppressed by charcoal
adsorption suggests that this factor is rather a low molecular
weight protein. This was confirmed by Sephacryl gel filtration
which indicated an apparent molecular weight of about 20 kD.
Macrophages are the source of a variety of cytokines which
could be adequate candidates [6]. It has been shown that
cytokine production varies dramatically depending upon the
macrophage population under study, the nature and the con-
centration of the stimulus and the type of cytokine studied [29].
Absence of any difference, in our study, between the stimula-
tory effect of MCM from resident and elicited macrophages is
not suggestive of a particular cytokine. Mesangial cells are the
target of factors released by macrophages. Dubois et al [301
demonstrated that mononuclear phagocytes infiltrating the gb-
meruli stimulated the proliferation of endothelial and mesangial
cells. In contrast, Ooi et a! [221 found that MCM suppressed
mouse mesangial cell proliferation and attributed, in part, this
effect to the stimulation of endogenous mesangial cell PGE2
synthesis. Two cytokines acting on mesangial cells have been
identified. Interleukin 1 from macrophages stimulated the pro-
liferation of mesangial cells [311 and enhanced their neutral
proteinase secretion [32]. Tumor necrosis factor induced PGE2
synthesis in mesangial cells via a mechanism implying protein
synthesis [33]. It is unlikely that either of these cytokines
represents by itself the ecto-5 '-nucleotidase stimulatory factor.
Indeed, purified ILl or recombinant TNF increased ecto-
5'-nucleotidase activity in mesangial cells, but only slightly and
at high concentrations. Such concentrations are not observed in
the medium of quiescent macrophages but after exposure to
stimuli, particularly bacterial endotoxin [29]. Moreover, the
degree of stimulation in the presence of either cytokine did not
reach the level of that occurring with MCM, and anti-mouse
TNF antibody was unable to suppress the stimulatory effect of
MCM. Taken together, these results do not support the exclu-
sive role of either of these two cytokines.
In conclusion, we provide evidence that macrophages release
a stimulatory factor of ecto-5'-nucleotidase activity of glomer-
ular mesangial cells. The specificity of this effect suggests that
this factor may regulate local adenosine production, thereby
influencing the development of the inflammatory process.
Reprints requests to Dr. Raymond Ardaillou, INSERM 64, Hôpital
Tenon, 75020 Paris, France.
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